Objective. Spinal mobility is assessed frequently in patients with AS/axial SpA using the BASMI to provide baseline measurement and monitor change over time. The interpretation of BASMI scores has been hindered by the absence of normative values. We aimed to obtain normative values for the BASMI in healthy men and women in a UK population.
Introduction
AS/SpA is a chronic systemic inflammatory disease primarily affecting the axial skeleton, causing patients to experience severe pain and stiffness [1] . The loss of spinal mobility is widely recognized as an important clinical sign, and this is reflected by its inclusion in the Modified New York Criteria for diagnosis [2] , and more recently as a core domain in the evaluation of patients in clinical practice and trials by the Assessment of SpondyloArthritis international Society (ASAS) [3] .
The BASMI [4], a composite index of spinal mobility, is used internationally in research and clinical practice and is the measure of spinal mobility recommended by the ASAS [3] . The BASMI is used clinically to obtain a baseline measurement and monitor change over time [4] and to assess the impact of clinical interventions [3] . The scale of the BASMI ranges from 0 to 10, where 0 is no mobility limitation and 10 is very severe limitation [5] . With this scale in mind, clinicians and patients may have expectations that a score of zero is representative of normal spinal movement in a healthy population.
However, as a number of studies have demonstrated age-dependent changes in isolated spinal mobility measurements [611] , it would seem reasonable to assume that there are similar changes in the total BASMI score with age, suggesting that it may be more appropriate to interpret BASMI values and changes in values over time in relation to age-specific centiles.
In previous work we have undertaken exploring the inter-and intra-rater reliability of the BASMI [12] we found that some healthy volunteers had worse BASMI scores than patients with AS/SpA. This therefore highlighted the need for further work to explore if this was a coincidental finding or if in fact this should be expected. When receiving a diagnosis and being informed about the meaning of clinical measures, patients are keen to understand the implications and relevance of their measurements. Assuming that the normative score for the BASMI is near zero has the potential to misguide patients. As well as helping patients to interpret their BASMI scores, clinicians may find age-and gender-related reference values helpful to inform their understanding and interpretation of spinal mobility in the patients they treat. Therefore the aim of this study was to obtain normative values for the total BASMI score in healthy men and women in a UK population.
Materials and methods
Ethical approval was obtained from the Faculty of Health and Medicine Ethics Committee at Lancaster University and written informed consent was obtained from all participants according to the Declaration of Helsinki.
Volunteers and physiotherapists
A sample of 150180 participants was deemed sufficient to obtain 95% CIs with a width <0.30 for centiles. This was based on simulations from a uniform distribution consistent with pilot data [12] . In total, 168 participants were recruited from a UK population, stratified by gender and age, between September and December 2012. Volunteers were excluded from the study if they were pregnant, had a diagnosis of AS/axial SpA, had acute back problems or were affected by a chronic back condition or any other impairment that was limiting their perceived normal movement at the time of measurement.
Fourteen physiotherapists from the Ankylosing Spondylitis Special Interest Group North West (ASSIGNw) volunteered to recruit participants and undertake BASMI measurements for this study, with each therapist identifying and measuring 12 adults (2 males and 2 females from each of the following age groups: <30 years, 3050 years, 550 years). The therapists' mean (S.D.) qualification experience was 21.5 (11.4) years (range 334 years) and the mean (S.D.) years of experience working in AS/axial SpA was 14 (11.6) years (range 0.534 years).
Procedure
To address possible inconsistencies in measurement, the ASSIGNw consensus of measurement for each domain was followed [12] . The BASMI comprises four spinal measurements (cervical rotation, tragus-to-wall distance, modified Schober's test and lumbar lateral flexion) and one hip mobility measurement (intermalleolar distance). For cervical rotation, tragus-to-wall and lumbar side flexion, the average of the right and left measurements was taken [4] . Each component of the BASMI was assessed, with the total score computed using the BASMI-10 scoring system [13] . Additional data collected included gender, ethnicity, date of birth and history of back problems.
Statistical analysis
Data were summarized and analysed in Intercooled Stata 11 (StataCorp, College Station, TX, USA). Age-specific centiles and CIs were obtained from maximum likelihood estimation using log (score +0.5) and exponentialnormal density using the methods of Royston and Wright [14] . Current evidence suggests that the diagnosis of AS most commonly occurs between the ages of 25 and 34 years [15, 16] . Therefore we present centiles starting at age 25 years and increasing in 10-year intervals, as this will have particular clinical relevance for comparison purposes with BASMI scores of AS/axial SpA patients.
Results
A total of 168 participants with a mean age of 41.4 (16.2) years (range 1885 years) participated in this study between September and December 2012. The majority of participants were white Caucasian (97.6%). As per the sampling frame, there were equal numbers of males (n = 84) and females (n = 84) and equal numbers of participants in each age group.
The total BASMI scores ranged from 0 to 4.4, with only two individuals (1.2%) in the entire cohort having a total BASMI score of zero. The median total BASMI score for an individual of 25 years was 0.9, which increased with age (Table 1) . Centiles were calculated and examples relevant to the BASMI-10 scoring system [13] are presented in Table 1 . For ages <55 years, the widths for the 5th and 50th centiles were typically 0.220.25; for age 65 years they were up to 0.45, and for the 95th centile were wider, ranging from 0.54 to 0.92.
There was a corresponding increase in all component scores for spinal mobility, which was most pronounced for lumbar lateral flexion, increasing from a BASMI component score of 0 in the <30 years age group to 3 in the >50 years age group. In contrast, tragusto-wall distance did not deteriorate, consistently scoring 1 on the component BASMI score across all three age groups ( Table 2) . Given their clinical relevance, summary statistics are presented for the total BASMI score, component scores and raw measurements ( Table 2) . No clear differences were identified between sexes ( Table 2) . 
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IQR: interquartile range.
Discussion
Informed by previous work suggesting that healthy volunteers may have BASMI scores similar to or worse than people with AS [12] , this study aimed to determine normative values for the BASMI score in healthy men and women in a UK population. Our findings suggest that zero is not a normal score for an individual from a healthy population, with only 1.2% of our sample achieving this score. We observed age-related increases in the total BASMI score, which is consistent with recent research by Ramiro et al. [17] , who, using a similar methodology, also found that the total BASMI score increased in individuals between the ages of 25 and 45 years in a Dutch and Portuguese population. Our results also indicate that the magnitude of increase in the BASMI score is more apparent with increasing age. This is in line with previous research undertaken on spinal mobility by Finnsback and Mannerkorpi [8] and Intolo et al. [11] , who found that in a healthy population the reduction in spinal mobility occurs most markedly after the age of 40 and 50 years, respectively.
With respect to component BASMI scores, there was a corresponding increase with age that was more pronounced for some spinal mobility measures than others. With regard to lateral lumbar flexion, Finnsback and Mannerkorpi [8] , using a measurement technique consistent with ours in a healthy population, found median scores of 20 cm for both males and females ages 2049 years, and scores of 14.75 and 17.5 cm for females and males, respectively, ages 5075 years, which concur with our findings. The only published normative data for tragus-to-wall measurements used a seated tragus-to-wall measurement in a population of healthy men and women, and found results consistent with ours, that there is no age-related deterioration [8] . Clinically this is of interest, as it appears that the tragus-to-wall measure does not deteriorate with age to the same extent as other component measures, suggesting this measure is truly disease specific. Although in our study measurements were taken by a number of different therapists, a sensitivity analysis was conducted on the summary statistics to determine if those individuals who were more experienced obtained different results, and no important differences were identified.
The data we have presented provide important initial data to aid clinicians in their interpretation of BASMI scores and subsequent clinical management of patients and add strength to our previous observation that some healthy people have the potential to obtain BASMI scores higher than patients with AS. It remains to be determined how our centiles can be applied to other populations, particularly as the participants were predominantly white Caucasian. We would therefore recommend similar studies using larger samples in both UK and other populations. Future research should also take into account the influence of factors other than age and sex. Maksymowych et al. [18] demonstrated a relationship between inter-malleolar distance and height, and more recently Assassi et al. [19] showed that spinal metrology parameters are significantly associated with BMI.
Therefore measures of both height and weight and lifestyle factors such as occupation should be included in future research to develop our findings.
A better informed interpretation of BASMI scores will assist in illustrating to patients what a normal age-matched individual would typically score on the BASMI. Such information is important to someone who is newly diagnosed and being assessed clinically for the first time, potentially informing their expectations about treatment effects. Furthermore, such information has the potential to take into account the influence of age, guarding against deterioration being interpreted purely as being associated with the disease process.
Rheumatology key messages
. A BASMI score of zero is not normal in a healthy population. . The BASMI score increases with age in healthy individuals. . Normative values will aid interpretation of BASMI scores.
